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Abstract
This study analyses the US Army Joint Theatre Trauma Registry database for craniomaxillofacial (CMF) 
battle injuries (BI) experienced by US Service Members in Iraq/Afghanistan conflict to describe type, 
distribution and mechanism of injury.
Methods and materials: Joint Theatre Trauma Registry was queried from 19 October 2001 to 
12 December 2007 for CMF BI entered in the database using ICD-9 codes; the data was compiled for BI 
soldiers.
Results: We have identified 7770 BI. About 26% had CMF BI. There were 4783 CMF BI among the 2014 
BI (2.4 injuries per soldier). Majority of CMF BI were male (98%). Average age was 26 years. CMF BI by 
branch of service was Army 72%, Marines 24%, Navy 2% and Air Force 1%. Penetrating soft tissue inju-
ries and fractures were 58% and 27%, respectively; 76% of fractures were open and 24% of soft tissue 
injuries were noted as complicated. Frequency of facial fractures was mandible 36%, maxilla/zygoma 
19%, nose 14%, and orbit 11%. Remaining 20% not otherwise specified. Primary mechanism of injury 
was explosive devices (84%).
Conclusions: Twenty-six per cent of all BI were to CMF area. CMF BI account for a disproportionate 
number of injuries observed in Iraq and Afghanistan compared with the previous American Wars. 
Mechanism of CMF BI involves explosive devices 84%. [Singapore Dent J 2010;31(1):1–8]
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Craniomaxillofacial (CMF) injuries on the current 
battlefields of Iraq and Afghanistan are predomi-
nately penetrating in nature and characterized 
by a combination of complex lacerations and 
open fractures, and injuries complicated by tis-
sue avulsions and burns. Recent epidemiological 
studies demonstrate an increased frequency of 
CMF battle injuries (BI) in the current Iraq and 
Afghanistan conflicts compared with the previ-
ous American Wars of the past century with the 
head and neck region suffering BI in World War II 
(21.0%), Korean War (21.4%), Vietnam War (16.0%) 
and Iraq and Afghanistan War (30.0%).1 Recent 
advances in body armour and cranial vault pro-
tection have led to the increase in the percentage 
of head and neck casualties that survive initial 
torso injuries to present for treatment of uniquely 
devastating CMF injuries.2
In a recent study the Joint Theatre Trauma 
Registry (JTTR) database for CMF BI experienced 
by US Service Members in the current Iraq and 
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Afghanistan conflict to describe the type, distribu-
tion and mechanism of injury has been analysed. 
The JTTR is a military health care database of all 
US Service Members injured and treated at any 
medical facility throughout the evacuation system 
and spanning all military services at all levels of 
care. The database was started at the beginning 
of military operations in Afghanistan, on 19 October 
2001; diagnostic patient information is continu-
ously entered in the database by trained data re-
trieval specialists from paper and electronic medical 
charts. The JTTR was queried from 19 October 2001 
to 12 December 2007 for CMF BI, excluding burns, 
intracranial, intraocular and ear injuries, entered in 
the JTTR using ICD-9 codes specific to CMF injury. 
The data was then compiled for each battle injured 
Service Member. Excluded from the study were 
injured Service Members who were returned to 
duty within 72 hours (Tables 1–3 and Figure 1).
During the 6-year period studied, there were 
7770 battle injured US Service Members. About 
26% (2014/7770) had CMF BI. There were 4783 
CMF BI among the 2014 battle injured US Service 
Members (2.4 injuries per Service Member with a 
range of 1–8). The majority of the CMF US Service 
Members were male (98%) versus female (2%). 
The average age was 26 years, with a range of 18–
57 years. CMF BI by branch of service was Army 
72%, Marines 24%, Navy 2% and Air Force 1%.
Penetrating soft tissue injuries and fractures 
were the majority of CMF BI: 58% and 27%, re-
spectively; 24% of the soft tissue injuries were 
noted as complicated and 76% of the fractures 
were open. Among the facial fractures, the man-
dible was most frequently involved 36%, followed 
by the maxilla and zygoma 19%, nasal 14% and 
orbit 11%. The remaining 20% were listed as not 
otherwise specified facial fractures. The primary 
mechanism of injury to the CMF region was 
explosive devices (84%), which was much higher 
than previous wars.3
Gunshot wounds (GSW) accounted for 8% of 
CMF BI; this statistics undoubtedly reflects the 
enemy’s weapon of choice of explosive devices 
and the lethality of a GSW to the head and neck. 
Table 1. Distribution of wounds by body region (in %)
 Body World Korea Vietnam 
OIF/OEF
 surface area War II War War
Head and neck 12 21.0 21.4 16.0 30.0
Thorax 16 13.9 9.9 13.4 5.9
Abdomen 11 8.0 8.4 9.4 9.4
Extremities 61 58.0 60.2 61.1 54.5
Table 2. Types of CMF BI
CMF wound  Number  % 
Simple open or 2128 44
 penetrating soft tissue
Complicated versus open 660 14
 or penetrating soft tissue
Total soft tissue  2788 58
Fractures 1280 27
Abrasions 231 5
Dental 204 4
Contusions 111 2
Dislocations 6 < 1
Skull 15 < 1
Unknown 148 3
Source: J Oral Maxillofac Surg 2010;68:3–7.
Table 3. Mechanism of injury distribution of 
combat-related CMF injuries
Mechanism of Number of 
%
injury injuries
Explosive 4061 84
GSW 400 8
Motor vehicle accident 77 2
Other/not documented 81 2
Fragment/shrapnel 43 1
Helicopter/plane crash 40 1
Miscellaneous* 55 1
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In the Battle of Mogadishu, 36% of GSW to the 
head and neck were fatal, which is consistent with 
Vietnam casualty statistics. In a study of that bat-
tle, it was noted Kevlar helmets did not protect 
the cranium from projectiles entering through 
the face. It was further postulated that the un-
protected face was specifically targeted by the 
enemy in an urban battlefield.
Burns account for 5% of all evacuated casual-
ties with 77% of combat burns to the face; ex-
plosive devices were the principle cause of face 
burns at 86%.4
Given the above statistics, a pattern of severe 
CMF BI emerge as characterized by loss or partial 
loss of central facial features, notably portions of 
the jaws, lips, cheeks and nose. If the penetrating 
trauma is from a nearby explosion, second- and 
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Figure 1. Distribution of Combat-Related Cra-
niomaxillofacial Fractures in Operation Iraqi 
Freedom and Operation Enduring Freedom from 
October 2001 through December 2007. Source: 
J Oral Maxillofac Surg 2010;68:3–7.
Figure 2. 40% upper lip and 85% lower lip avulsion.
Figure 3. Lefort 2 fracture and bilateral commi-
nuted mandibular body fracture.
Figure 4. Mandibular avulsion.
third-degree burns complicate the injury by dam-
aging skin adjacent to the area of tissue loss, 
making local flaps and tissue transfers difficult 
or impossible. Thermal injuries also destroy car-
tilaginous portions of the ears and noses, and 
lead to lid ectropion, microstomia and extra-
articular ankylosis. This combination of open soft 
tissue wounds, burns, avulsions and compound 
fractures, conditions seldom seen with civilian 
trauma, creates a challenge for military maxillo-
facial surgeons (Figures 2–5).
A significantly injured US Service Member is 
resuscitated and stabilized in the combat thea-
tre and then transferred to the Regional Army 
Medical Center in Germany. Serial and conser-
vative debridement followed by facial fracture 
stabilization occurs throughout the evacuation 
process.5,6 Within a week of injury in most cases, 
and within 24–48 hours for burn cases, the Ser-
vice Member is transferred to Walter Reed or 
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Brooke Army Medical Center. Polytrauma requires 
the coordination of specialists in several fields. 
Oral and maxillofacial surgeons share the case 
load of maxillofacial trauma with otolaryngo-
logists; in cases of severe face injuries, collabo-
ration between oral and maxillofacial surgery, 
otolaryngology and plastic surgery is the rule.
Complex CMF injuries caused by explosions 
are addressed by stabilizing the facial skeleton in 
the same fashion as blunt trauma patients un-
less the overlying skin is burned or avulsed. In 
cases of severe soft tissue compromise, external 
fixation and intermaxillary fixation is necessary 
until serial debridement, flaps and grafts can close 
the integument. Re-establishment of gross facial 
dimensions, occlusion and facial projection guide 
treatment at this phase (Figures 6 and 7). Com-
minuted fractures deemed non-repairable are 
debrided and bone replaced with primary grafts 
in the upper face, midface and condylar areas, 
provided soft tissue coverage is possible; primary 
bone grafts to repair continuity defects of the 
mandibular body are avoided until the zone of 
soft tissue injury is demarcated, debrided and 
reconstructed with robust flaps.7
Once the existing facial skeleton is reconstructed 
and wounds closed, re-evaluation of avulsed and 
damaged facial features is performed. Treatment 
options to replace avulsed and damaged features 
are basically the same options used by recon-
structive surgeons for decades: autogenous flaps 
with attendant donor site morbidity and accep-
tance of treatment limitations in cases of severe 
tissue loss or burns. Significant loss of lip struc-
ture creates a difficult deformity to reconstruct, 
especially if lip loss of greater than 67% occurs, 
or there is significant involvement of the op-
posing lip (Figure 8). To avoid severe microsto-
mia, regional or distant tissue transfers to close 
the wound are performed, but these reconstruc-
tions seldom provide acceptable appearance or 
function.8
In November 2005, a team of surgeons in 
Amiens, France led by Drs Dubernard and 
Devauchelle performed the first face allotrans-
plantation to reconstruct a young woman’s en-
tire lower face, to include the nasal tip, lips and 
chin. The face transplant successfully replaced 
the missing tissues with ‘like’ tissue from a brain-
dead, beating heart donor. ABO blood type and 
major histocompatibility antigens were matched, 
as well as skin colour, gender and age. During 
the first 18 months after surgery, the patient 
Figure 5. Severe facial burns with penetrating 
orbito-frontal wound.
Figure 6. External pin fixation to temporarily sta-
bilize fracture.
Figure 7. Stereolithography generated resin 
model used to simulate fracture repair in situ. 
Bone plates bent to model are sterilized and used 
intraoperatively to reconstruct comminuted 
mandible.
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had two acute rejection episodes requiring 
hospita lization and high doses of corticosteroids. 
Post-transplant cytomegalovirus (CMV) and fun-
gal infections also required interventions. Four 
years later, the patient is stable with no signs of 
rejection, the replaced tissue appears normal 
and well-integrated, and partial sensory/motor 
function has returned to the lips (Figure 9).
At present, seven other cases of face allotrans-
plantation have been performed with the past five 
performed since December 2008: a rural Chinese 
farmer mauled by a bear with partial midface 
avulsion was reconstructed by Dr Shuzhong Guo, 
Xijing, China. A patient with severe facial neu-
rofibromatosis was treated by Dr Lantieri, Paris, 
France. A young woman with midface avulsion 
from a shotgun blast was treated at Cleveland 
Clinic under the direction of Dr Siemionow with 
replacement of the nose, lower eyelids, cheeks, 
upper lip and all the underlying bone supporting 
these facial features, to include the maxilla with 
nine teeth (Figure 10). Two more patients were 
treated by Dr Lantieri: a midface reconstruction 
after a shotgun blast and a severely burned pa-
tient who underwent resurfacing of the entire 
face with a vascularized flap that included the 
nose, ears, eyelids, forehead and scalp. This burn 
patient also underwent bilateral hand transplan-
tation during the same operation. Midface re-
construction after severe burns to the face with 
reconstructive allotransplantation was performed 
by Dr Pomahac of Bingham and Women’s 
Figure 8. Avulsed lips defy all known techniques to reconstruct form and function. Same case after 
multiple surgeries, to include bilateral cervicofacial advancement rotation flaps and anteriorly based 
ventral tongue flap shown here. Final result after five procedures: patient still has significant lip 
incompetence and microstomia.
A B C
A B C
Figure 9. World’s first face transplant in November 2005. Pre-injury condition, 6 month condition after 
dog bite avulsed lips and nasal tip, and 3-year postoperative condition after face allotransplantation.
Source: Dr. Jean-Michel Dubernard.
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Hospital in Boston (Figure 11). Lastly, Dr Carados, 
Madrid, Spain performed allotransplantation in 
August 2009 to replace the mandible and tongue 
on a patient with severe radiation necrosis.
All these patients treated with allotrans-
plantation previously had unacceptable results 
following conventional treatment. All patients 
were treated with immunosuppression to pre-
vent rejection. The Chinese patient died after 
returning to his rural home and discontinuing 
immunosuppressant therapy. The burn patient 
with face and bilateral hand transplants developed 
multidrug-resistant infection and died within a 
month of the surgery. All the other patients are 
reportedly progressing well after surgery, although 
follow-up is less than 12 months for the majority 
of patients.
Experience over the past 10 years in allotrans-
plantation of hands and faces worldwide have 
proven that the reconstructive technique is pos-
sible with current microvascular procedures and 
high levels of immunosuppression. Despite an 
engraftment success rate of over 90%,9 long-
term success and effects of lifelong immunosup-
pression are unknown. Additionally, acute flap 
failure due to vein thrombosis is expected to 
occur at a rate of 6–10%.10 This complication 
would be catastrophic following face allotrans-
plantation; therefore, ‘rescue’ procedures must 
be considered preoperatively. Currently, research 
A CB
Figure 11. Condition after debridement of a severely burned (electrocuted) midface. After multiple 
conventional procedures the patient has no resemblance of a midface. Three months after allotrans-
plantation performed by Dr Pomahac, Harvard Medical School. Source: Dr Pomahac, Harvard Medical 
School.
A B C
Figure 10. Illustration of surgical plan to replace entire midface, including palate with 9 teeth. 
Preoperative condition shown after 18 conventional procedures to reconstruct midface and 3 month 
postoperative condition after face allotransplantation by Cleveland Clinic group lead by Dr Maria 
Siemienow. Source: Dr Maria Siemienow by Cleveland Clinic group.
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in the field of reconstructive allotransplantation 
is focused on modulating the immune system 
utilizing fewer drugs, with a trend towards tac-
rolimus monotherapy. Induction of immunotol-
erance, considered the ‘holy grail’ by transplant 
specialists, would eliminate immunosuppres-
sants entirely.11
Application of allotransplantation to recon-
struct facial defects currently appears suitable 
for only the most severe cases of facial defects. 
As researchers develop predictable protocols to 
modulate the immune system, allotransplantation 
to repair composite facial defects or resurface 
facial burns will undoubtedly become more accept-
able. The recent Cleveland Clinic face allotrans-
plant case was a young woman with a near-total 
midface avulsion, dependent on a tracheotomy 
and feeding tube. This patient underwent multi-
ple conventional surgeries, all predictably futile, 
before finally becoming a transplant candidate. 
Although not fully researched and appreciated, 
the burden of disease in patients with severe 
face defects must be significant, which is the most 
compelling argument in favour of face allo-
transplantation.12,13 Dr Maria Siemionow, Head 
Surgeon of Cleveland Clinic’s Face Transplant 
Team, said it well: ‘You need a face, to face the 
world.’
The limited pool of brain-dead, beating heart 
donors, issues with immunosuppression and a 
lifetime expense of about $1,000,000 for each 
patient receiving an allotransplant will spur sci-
ence to develop the regenerated face. Already, a 
trachea ‘construct’ has been successfully devel-
oped and transplanted into a patient without 
the need for immunosuppression. As ‘constructs’ 
of composite tissue are developed, scientists will 
focus on the face, a highly vascularized, accessi-
ble body part of high value, as their target for 
reconstruction. Indeed, it is well within the realm 
of possibilities to develop a vascularized soft tis-
sue composite tissue autograft in the next 10–15 
years using growth factors and mesenchymal stem 
cells to re-vitalize and re-populate an extracellu-
lar matrix from a donated face, a face depleted 
of antigenic proteins. Tissue engineered bone and 
cartilaginous ear and nose constructs can be 
added to this regenerated soft tissue autograft. 
Regeneration of nerves and muscles would be 
the last challenge to achieve the fully regener-
ated face.
Arguably, there exist a significant number of 
injured Service Members who might qualify as 
candidates for face composite tissue allotrans-
plantation, but the associated risks of the current 
levels of lifetime immunosuppression dampens 
enthusiasm for that technology. Regen erative 
medicine ultimately promises to provide ‘like’ 
subunits of functional autogenous tissue to not 
only reconstruct CMF battle defects, but facial 
defects from all causes. The surgical profes sions 
involved in face reconstruction now have the 
opportunity to define specific research require-
ments and lead the future of regenerative 
medicine.
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